This study aimed to assess whether a WeChat-based self-management intervention would be effective for community middle-aged and elderly adults with hypertension in Guangzhou, China. We conducted a cluster-randomized control trial with a total of 464 participants (intervention, n = 186; control, n = 276) between March 2018 and May 2019. The self-management intervention lasted for 6 months, consisting of health education, health promotion, group chat, and blood pressure (BP) monitoring. All individuals in the baseline and follow-up surveys were assessed for BP and completed a hypertension knowledge questionnaire, self-efficacy scale, self-management scale, and social support scale. A total of 253 participants (intervention, n = 110; control, n = 143) completed the follow-up survey and were included in the analysis. The adjusted mean differences in the changes in systolic blood pressure (SBP) and diastolic blood pressure (DBP) between the intervention and control groups were −6.9 (95% Confidence Interval (CI) −11.2 to −2.6; p = 0.002) and −3.1 (95% CI −5.7 to −0.6; p = 0.016) mmHg, respectively. Individuals who participated in the intervention program had better BP monitoring, improved their hypertension self-management as well as parts of their disease knowledge and self-efficacy. The WeChat-based self-management intervention may be a feasible and efficient program to help Chinese community middle-aged and elderly hypertensive patients lower BP and improve self-management.
Introduction
Hypertension has become one of the most important causes of disease burden worldwide, as it is considered the leading risk factor for cardiovascular diseases [1] . In China, high systolic blood pressure (SBP) was the top risk factor for the number of deaths in 2017 [2] , accounting for 2.54 million deaths. The latest China Hypertension Survey [3] showed that the prevalence rate of hypertension was rising rapidly, and 23.2% of adults (at least 18 years of age) had hypertension. Despite the rate of hypertension control rising from 6.1% (2002) to 16 .8% (2015) [4] , it is still at a low level.
Improving self-management (e.g., increasing medication adherence, enhancing monitoring blood pressure (BP), and reducing salt intake) is an effective way [5] to reduce BP, but most patients' knowledge of self-management and confidence in their ability to self-manage are not sufficient.
Materials and Methods

Study Design and Participants
The WeChat-based self-management intervention study was a prospective, cluster-randomized controlled trial between March 2018 and May 2019. Potential participants registered in the community who came for clinic visits were identified by trained health workers in two community health care centers in Yuexiu District, located in the center of Guangzhou, China.
Individuals who were WeChat users, who were aged 45-70 years, who had lived in the community for at least six months, who reported a definite diagnosis of hypertension while taking or having ever taken antihypertensive drugs, and who were willing to participate in our study were eligible for recruitment. Exclusion criteria were a severe cognitive disorder, serious clinical complications, a known cause of secondary hypertension, or already participating in other similar programs within a year. All participants signed informed consent forms. This study protocol was approved by the Institutional Review Board of the School of Public Health, Sun Yat-sen University.
Randomization
To avoid contamination by participants from the same community, we took one community health service center as a cluster in the randomization. There are 18 community health service centers with residents having similar characteristics in Yuexiu District. We randomly chose two centers and divided Baiyun Street as an intervention group and Dadong Street as a control group via SPSS version 25.0 (IBM Corp, Armonk, NY, United States).
Intervention Program
The six-month intervention program was guided by the self-efficacy theory [19, 20] to improve the self-management of participants. The self-efficacy theory notes that direct experience, alternative experience, verbal persuasion, and emotion and physiological state could help to improve self-efficacy and promote healthy behaviors and beliefs/emotions to achieve an improved health state ( Figure 1 ). This intervention program was a part of our community hypertension trial, and more detailed information is in the published study protocol [20] . 
The six-month intervention program was guided by the self-efficacy theory [19, 20] to improve the self-management of participants. The self-efficacy theory notes that direct experience, alternative experience, verbal persuasion, and emotion and physiological state could help to improve selfefficacy and promote healthy behaviors and beliefs/emotions to achieve an improved health state ( Figure 1 ). This intervention program was a part of our community hypertension trial, and more detailed information is in the published study protocol [20] . In the baseline survey, we informed participants about the procedures of the intervention program, added them as friends in WeChat, and taught them how to finish the electronic questionnaire and correctly monitor BP. Based on 2010 Chinese guidelines for the management of hypertension [21] , patients who had ≥3 risk factors (male aged >55 years or female aged >65 years, smoking, dyslipidemia, family history of premature cardiovascular disease, and Body Mass Index (BMI) ≥ 28 kg/m 2 ) or clinical complications (cerebrovascular disease, heart disease, kidney disease, peripheral vascular disease, retinopathy, and diabetes) or SBP ≥ 180/DBP ≥ 110 mmHg were divided into the high cardiovascular risk group, and others were placed in the low-moderate-risk group. We built group chats for each risk group (approximately 30 individuals/group). In the baseline survey, we informed participants about the procedures of the intervention program, added them as friends in WeChat, and taught them how to finish the electronic questionnaire and correctly monitor BP. Based on 2010 Chinese guidelines for the management of hypertension [21] , patients who had ≥3 risk factors (male aged >55 years or female aged >65 years, smoking, dyslipidemia, family history of premature cardiovascular disease, and Body Mass Index (BMI) ≥ 28 kg/m 2 ) or clinical complications (cerebrovascular disease, heart disease, kidney disease, peripheral vascular disease, retinopathy, and diabetes) or SBP ≥ 180/DBP ≥ 110 mmHg were divided into the high cardiovascular risk group, and others were placed in the low-moderate-risk group. We built group chats for each risk group (approximately 30 individuals/group).
The intervention program consisted of four parts: health education, health promotion, group chat, and BP monitoring. First, we provided three months of health education via articles on WeChat Official accounts on common hypertension problems, medication treatment, complication prevention, and healthy lifestyle. After individuals read each article, they completed a short quiz (for example, "What are the diagnostic criteria for hypertension (mmHg)?" with four options (120/80, 135/85, 140/90, 160/100). In addition, at the end of each quiz, we would tell participants the correct answers with explanations to help them consolidate their knowledge. A three-month period of health promotion followed. Articles included how to take medicine, eat healthfully, exercise, quit smoking, limit alcohol, and regulate mood. A punch-in system was required to promote healthy behaviors. Throughout the whole intervention phase, we sent articles and quizzes in the group chat, and encouraged patients to ask questions, share personal experiences, report their BP, and discuss lifestyle topics. Each chat lasted at least one hour. They could also choose a private chat with researchers via WeChat messages at any time. For example, one patient who had a sudden rise in BP might ask for help in a private chat, and our community doctor would give some professional advice. We asked for self-reported BP at least once a week to track their BP and gave them some feedback.
The contents of articles sent to participants were all the same, but we separated one-week content into two parts to increase the frequency of the intervention for the high-risk group. The high-risk group had an intervention twice a week and the low-moderate-risk group had an intervention once a week.
The control group only received the usual community health care service, including health lectures and one chronic disease follow-up every three months.
Outcome Measures
Baseline and six-month follow-up surveys were completed in the clinic. BP was measured three times five minutes apart by an electronic automated sphygmomanometer (HEM-8713; Omron Corporation, Kyoto, Japan). Others were gathered by a self-completed questionnaire. Hypertension knowledge was a 35-item questionnaire designed by Chinese guidelines for hypertensive patients' education [22] . It consisted of diagnostic criteria (1 item), salt intake (1 item), symptoms (9 items), complications (7 items), risk factors (8 items), medication (1 item), and self-management (8 items). The Cronbach's α-coefficient was 0.688, indicating the acceptability of measuring the knowledge of hypertension. The Hypertension Self-Efficacy Scale was translated from an authoritative American scale and improved to be more suitable for Chinese respondents [23] . It is a 15-item scale that includes four dimensions: daily life (4 items), health behavior (6 items), medication adherence (3 items), and self-management (2 items). The questionnaire was proved to have good construct validity (explaining 79.77% of variance), content validity (r = 0.916), internal consistency (Cronbach's α = 0.852), and test-retest reliability (r = 0.869). The Hypertension Patients Self-Management Behavior Rating Scale (HPSMBRS) [24] was designed to measure self-management. This 33-item scale consists of six subscales: medication adherence (4 items), condition monitoring (4 items), diet management (10 items), exercise management (3 items), work-rest management (5 items), and emotion management (7 items). The Cronbach's α-coefficient was 0.914. The Social Support Rating Scale [25] was used to measure social support. This 10-item scale consists of subscales on subjective support (emotional experience), objective support, and use of social support.
The primary outcome was SBP change between baseline and follow-up. DBP, BP control, frequency of BP monitoring, hypertension knowledge, self-efficacy, self-management, and social support were analyzed as secondary outcomes.
Statistical Analysis
The sample size was calculated based on the difference in the mean SBP change between the intervention and control groups. We set the sample allocation ratio of the intervention and control groups to 1:1.5. According to our previous study [26] , a 7.5 mmHg difference between two groups in Guangzhou hypertensive patients was reported, and we assumed an SD of 17 mmHg. Based on these assumptions, a sample size of 91 (intervention group) and 137 (control group) was expected to detect a 7.5 mmHg difference in SBP with a two-sided α of 0.05 and 90% power. Considering a slightly higher dropout rate of 50% for this mobile phone intervention, a total of 456 participants (182 participants in the intervention group and 274 participants in the control group) would be required.
Descriptive statistics, t-tests, and Chi-square tests were used to describe and compare the baseline demographic characteristics and outcomes between the intervention and control groups. The changes in primary and continuous secondary outcomes were compared using a linear mixed-effects model. We adjusted for demographics (sex, age, education, marriage, work status, and income), hypertension course, and comorbidities. We could not control for cluster sites, since the study included only two communities. The logistic mixed-effects model was performed for binary secondary outcomes (hypertension control and frequency of monitoring BP) to estimate the adjusted odds ratios between groups. The adjusted variables were the same as mentioned previously. All analyses were performed using R version 3.6.0 (R Foundation for Statistical Computing, Vienna, Austria). A two-sided p-value < 0.05 was considered statistically significant.
Results
Of the 995 individuals screened for eligibility, 533 (53.6%) were excluded: 490 (49.2%) did not meet the inclusion criteria and 43 (4.3%) were not interested ( Figure 2 ). The main reasons for exclusion were not having hypertension (399 individuals), not using WeChat (53 individuals), and being overage (38 individuals). The remaining 462 (46.4%) patients were recruited and assigned to the intervention (n = 186) or control group (n = 276) according to the health care center allocation. a 7.5 mmHg difference in SBP with a two-sided α of 0.05 and 90% power. Considering a slightly higher dropout rate of 50% for this mobile phone intervention, a total of 456 participants (182 participants in the intervention group and 274 participants in the control group) would be required.
Of the 995 individuals screened for eligibility, 533 (53.6%) were excluded: 490 (49.2%) did not meet the inclusion criteria and 43 (4.3%) were not interested ( Figure 2 ). The main reasons for exclusion were not having hypertension (399 individuals), not using WeChat (53 individuals), and being overage (38 individuals). The remaining 462 (46.4%) patients were recruited and assigned to the intervention (n = 186) or control group (n = 276) according to the health care center allocation. 
Baseline Characteristics
The mean age of the participants was 61.5 (6.4) years, 63.4% were female, 69.3% had a high school education or above, 86.1% were married, 14.9% were working, and 32.3% had low incomes (average household income <3000 RMB/month). The mean SBP was 135.4 (15.2) mmHg, and the DBP was 81.9 (10.5) mmHg. The baseline hypertension control rate was 64.9%.
There were no significant differences in baseline characteristics between the intervention and control groups (Table 1) , other than intervention participants having higher education levels, incomes, disease knowledge scores, and social support scores. Data are mean (SD) or n (%).
Follow-Up of Participants
Overall, 253 participants (54.8%) completed the follow-up visits: 110 in the intervention group and 143 in the control group (Figure 2 ). There were no significant differences in the baseline characteristics between the missing and retained groups, except that poorly educated participants were more likely to drop out (p = 0.044). Table 2 shows the mean pre/post changes in SBP and DBP between the intervention and control groups. SBP declined obviously in the intervention group after the six-month intervention program. Relatively, there were no significant differences in SBP between baseline and follow-up in the control group. In general, BP changed significantly in the intervention group compared to the control group: differences in adjusted mean SBP and DBP changes were −6.9 (95% CI −11.2 to −2.6; p = 0.002) and −3.1 (95% CI −5.7 to −0.6; p = 0.016) mmHg, respectively. In addition, compared to the control group, hypertension control changed significantly (adjusted odds ratio: 5.0 (2.3, 11.3); p < 0.001) in the intervention group, with the rate increasing from 60.9% to 83.6% (Table 3 ). A total of 78.1% of the intervention participants monitored BP at least once a week after our six-month intervention program ( Table 3 ). The BP monitoring rate changed significantly compared to the control (adjusted odds ratio: 4.2 (1.8, 11.3); p < 0,001).
Primary and Secondary Outcomes
Changes in hypertension knowledge, self-efficacy, and social support scores did not differ between the two groups. However, the intervention participants' scores of some subscales in hypertension knowledge and self-efficacy scale did rise slightly in comparison with the scores of the control participants. The adjusted mean differences in risk factors and methods of self-management from hypertension knowledge were 0.9 (95% CI 0.1 to 1.7; p = 0.027) and 0.8 (95% CI 0.2 to 1.5; p = 0.009), respectively. In addition, daily life in self-efficacy had a 0.8 (95% CI 0.1 to 1.5; p = 0.025) adjusted mean difference between groups. Additionally, the adjusted mean differences in self-management and its three dimensions (condition monitoring, diet management, and emotion management) were 8.7 (95% CI 4.7 to 12.7; p < 0.001), 1.6 (95% CI 0.7 to 2.5; p < 0.001), 4.2 (95% CI 2.7 to 5.6; p < 0.001), and 1.9 (95% CI 0.3 to 3.4; p = 0.019), respectively. Table 4 shows all the items for each scale. There was no evidence of improved scores in hypertension knowledge (diagnostic criteria, symptoms, and complications) or on the self-efficacy scale (health behavior, medication adherence, and self-management), the self-management scale (medication adherence, exercise management, and work-rest management), and the social support scale (subjective support, objective support, and use of social support). 
Discussion
In this study, there was a significantly greater decline in BP between the intervention and control groups. The intervention group achieved a higher hypertension control rate and BP monitoring rate from baseline to follow-up. Individuals who attended the intervention program improved their hypertension self-management and parts of their disease knowledge and self-efficacy. Overall, the WeChat-based self-management intervention succeeded in the management of community middle-aged and elderly hypertensive patients in Guangzhou, China.
The clinical outcomes of this study were similar to those of other works [5, 9] , with significant improvements. In addition, previous studies [27] [28] [29] showed that lowering BP could reduce the risk of stroke and ischemic heart disease. A meta-analysis found that a 10-mmHg reduction in SBP or 5-mmHg reduction in DBP could reduce the incidence of stroke by 40% and ischemic heart disease by 22% [29] . The absolute reduction in BP (6.9/3.1 mmHg) was expected to cause an approximate decline of 25% in stroke risk and a 10% decline in ischemic heart disease risk in our trial. Although more than half of the participants' BPs were under standard control at baseline, they were still in need of intensive BP control if the condition allowed. A recent intensive intervention trial [30] demonstrated that lower BP targets benefitted the whole population with hypertension.
How did our self-management intervention work among middle-aged and elderly hypertensive patients in the community? One possible mechanism for the effect might be that asking for self-reported BP and feedback increased the frequency of monitoring BP in the intervention group. We found that 78.1% of the individuals participating in the intervention measured their BP at least once a week at follow-up, which was significantly more frequently than the control group. Monitoring BP could increase patients' awareness of their disease condition and lead them to make some positive behavioral changes. A meta-analysis [8] confirmed that self-monitoring combined with other interventions (e.g., education, medication titration, or lifestyle advising) was associated with lower BP.
A second possible mechanism might be that health education improved the hypertension knowledge of intervention participants; therefore, they understood the disease better, had more confidence in self-management, and made some behavior changes. Despite no significant difference in the total score change in hypertension knowledge, the scores for sub-problems (risk factors and methods of self-management) did improve significantly. This might be due to the intervention group having higher scores at baseline than did the control group. Among the items of risk factors, patients had relatively less knowledge of smoking, alcohol, high-fat diet, and stress at baseline. In addition, self-efficacy did not increase, which might have been due to a ceiling effect. One dimension of daily life (including four items: reducing worry or anxiety in life, controlling weight, avoiding working too much, and exercising more) significantly improved in the intervention group, indicating that patients had more confidence in emotion management, weight control, work-rest management, and exercise, all of which might gradually change their daily lifestyle.
A third possible mechanism might be that health promotion improved patients' self-management to decrease their BP. Chronic disease self-management encompasses living with a disease using strategies such as controlling symptoms, addressing physical conditions, focusing on inherent physical and mental states, and changing lifestyles. Patients with higher self-management skills will be more likely to achieve disease control. Our work confirmed that the intervention group, with increasing self-management, did develop better BP control. Due to the ceiling effect, we only found a difference in three dimensions (condition monitoring, diet management, and emotion management).
A fourth possible mechanism might be that the group chat made a positive group environment for patients sharing personal self-management experiences, and the private chat provided personalized advice for patients, which would improve their confidence in disease control and which would be conducive to the decline in BP. Participants in the intervention group did indeed gain social support from other patients in the same chat group and from health workers during the six-month intervention. An eHealth self-management program in Korean [31] showed great improvement in social support, while the score of social support with no difference between groups might be due to the scale focusing more on support from relatives and friends. In general, based on the self-efficacy theory, our intervention could reduce BP through these four possible mechanisms. A further path analysis may be needed for better intervention design.
Primary health services from community health care centers are the most important part of chronic disease management in China. However, a large number of residents with chronic diseases increase the management burden for these community centers. The emergence of mHealth will make it more convenient for community health care centers to provide health services and disease management. Our study provided a self-management intervention for community hypertension patients via WeChat in Guangzhou, China, which lowered patients' BP and improved their self-management. The intervention could serve as a good example for community health care centers in managing hypertensive patients registered in centers in Guangzhou and other similar cities, such as Beijing and Shanghai, which are first-tier cities in China with developed economy, primary health care services, and high standard of living. In the future, with economic, technological, and medical developments in China, the intervention based on WeChat may be expanded to the whole country. In addition, a study [32] with cost-effectiveness analysis demonstrated that self-management was the optimal form of hypertension management in the community centers.
Moreover, in recent years, family-doctor-contracted services have been put into practice in many community health care centers in China, whereas each community center is still struggling to manage patients with chronic disease among family doctors. Research in Shanghai, China [33] reported that group management achieved effective results for self-management in noncommunicable diseases. It is possible that our group-based self-management intervention via WeChat could be a more feasible and accessible method for family doctors. In addition to the rapid development of artificial intelligence [34] , a more practical question-answer robot based on speech recognition and natural language processing technologies could improve the self-management of patients and reduce human costs.
This study had several limitations. First, there were only two community health care centers as clusters in the randomization for the intervention and control groups. Although most variables at baseline had no significant difference between the two groups, and although we adjusted all measured characteristics when performing outcome analysis, there were still many unmeasured covariates that could not be avoided. Second, both participants and researchers alike were unmasked to the group assignment in this study. We used an automatic sphygmomanometer to measure BP and self-administered questionnaires, yet we might overestimate the results of the scales. Third, 45.2% of participants failed to attend the follow-up survey, although there were no differences between the missing and retained groups except for in education. Finally, we only performed a six-month follow-up visit; thus, we could not ensure that the BP reduction would continue to the future. In summary, this study confirmed the WeChat-based self-management intervention's practicability and availability in the short term. A better-designed trial with more clusters and long-term follow-up is needed to further examine the intervention.
Conclusions
In summary, this study found that a WeChat-based self-management intervention would be helpful for middle-aged and elderly hypertensive patients in the community aiming to lower their BP and achieve better self-management in Guangzhou, China. It may be a better form of technology for family doctors to use to manage hypertension in Chinese community health centers in the future. Future work should develop more applications of mHealth for the management of various diseases.
Author Contributions: Conceptualization, X.L., T.L., J.C., Y.X., X.A., Y.L., and A.L.; Data curation, X.L. and T.L.; Formal analysis, X.L. and T.L.; Funding acquisition, A.L.; Investigation, X.L., T.L., X.A., and Y.L.; Methodology, X.L. and T.L.; Project administration, A.L.; Resources, J.C. and Y.X.; Software, X.L.; Supervision, J.C. and A.L.; Validation, X.L. and T.L.; Visualization, X.L.; Writing-original draft, X.L.; Writing-review and editing, X.L., T.L., J.C., Y.X., X.A., Y.L., and A.L.
Funding: This research was funded by Guangzhou Municipal Science and Technology Project, grant number 20170701077.
